Introduction: Night shift is one of the most frequent reasons for disturbance of circadian rhythm, altering biological functions and can negatively affect physical, psychological well-being and work performance. Aim of work: To evaluate the associations between circadian rhythm differences in shift-working nurses by using serum cortisol level and depression. Materials and Methods: a cross-sectional study was conducted by means of anonymous self-administered questionnaire for one hundred ninety-two nurses working at Menoufiya University Hospital, Shebin Al-Kom City, Egypt. The study involved 96 nurses working night-shifts and 96 in day-shifts. To assess their depression levels, self-rated depression scale (SDS) was used. Serum cortisol level was measured at 8:00 am for all respondents. Results: The response rate was 97%. A significant increase in serum cortisol level was observed among night-shift respondents compared to day-shift ones. Among night-shift workers, older nurses with more years of employment and higher cortisol levels were significantly more prone to develop depression (P<0.001). Conclusion: Nurses working night-shifts need special attention due to the higher risk of depression and possibly other undesirable health effects. Systems for early identification of nurses with depression and for providing environments allowing nurses at work to take rest and relax in the early morning after night shift are necessary.
Introduction
Human beings have an endogenous circadian clock (internal body clock with a 24-hour cycle) known as circadian rhythm, with a regular cycle of 23−25 hours, which is maintained even when affected by external stimuli (Otsuka, 1998 and Nakamura, 2012) . The circadian rhythm is necessary for the regulation of such things as neural activities, immune functions, and sleep; importantly, it is connected with autonomic nervous system functions that include regulation of blood pressure, body temperature, metabolism; and endocrine secretions (Shinkai et al., 1993 , Otsuka, 1998 and Chiba, 2008 . Nowadays, the number of individuals who is working night-shifts has increased. Synchronization of the biological rhythms for nurses, who are working in a system of alternating day and night shifts, is difficult (Grossman, 1997; Bunney and Bunney, 2000) .
Cortisol is a hormone secreted by the adrenal gland. Cortisol level is measured as a physiological index of circadian rhythm and stress responses. Because it has various physiological influences on the immune, blood circulatory, and central nervous systems, cortisol is an important hormone to consider when determining physical and mental health. Cortisol is secreted during the period from the latter half of the sleeping phase to the time of waking up to promote gluconeogenesis during this period without energy supply to allow the body to be in an active state. It is believed that the usual sleep-wake rhythm is maintained even during nightshifts (Nakamura, 2012) . Measuring blood cortisol levels from the day shift to the night shift in nurses showed that the levels peaked at 8:00 am, decreased in the evening; and further decreased at night; however, a rhythm was observed, with the levels elevated suddenly from 6:00 pm to 8:00 am next morning (Miyauchi et al., 2012) . Recently, a syndrome called "shift-work disorder" has been identified by the presence of the following symptoms: alteration of circadian rhythm of sleep/wake, insomnia, excessive day sleepiness, and fatigue (Black et al., 2010 and Schwartz et al., 2010) .
It is speculated that night-shift work, like jet lag, can frequently induce undesirable health effects (Ferri et al., 2016) . Previous studies reported that in addition to being easily tired, shift work causes anxiety, sleep disorder, fatigue and nervous temperament (Grossman, 1997 and Bunney and Bunney, 2000) . Night-shift nurses who work against the circadian rhythm are susceptible to fatigue and decreased work performance, resulting in the occurrence of medical accidents and errors at night (Grossman, 1997 and Oriyama et al., 2011) . Moreover, some studies have reported that night-shift nurses are prone to depression causing errors and medical incidents during work which happen particularly in the early morning (Gold et al., 1992 and Suzuki et al., 2004) .
Despite all of these findings regarding working against circadian rhythm, the factors associated with depression tendency have not been objectively examined (Ferri et al., 2016) .
Based on this background knowledge, this study examined differences in the circadian rhythm by measuring morning serum cortisol level among two-shift work nurses .This accumulated data would be helpful as a reference in order to regulate nursing practice in Egypt.
Materials and Methods
Study design: This was a crosssectional study.
Date and duration of the study:
The study was conducted during the period from January to the end of March 2016. Nurses with ≥ 3 years of work experience were chosen based on a previous study which indicated that shift-work nurses adapted to the night-shift system in 3 years, during which body temperature increases were suppressed and metabolism was depressed. Thus, compared with the time when the nurses were new to the job, their subjective lack of sleep was improved.
The study purpose and method were explained to nurse participants. An interview was administered at the work place in a quiet room in the morning before starting the morning-shift or at the end of the night-shift. Five persons were examined every day and every setting took about 10-15 minutes. All participants were volunteers.
Study methods:
All enrolled participants were subjected to:
I. Basic data questionnaire including age, sex as well as duration of employment. A pilot study, on 9 nurses, was done to test the simplicity of the questionnaire. Participants with current use of oral medications; suffering from any type of endocrine disorder or receiving hormonal treatment e.g. thyroxine, insulin, hormonal contraception as well as those receiving steroid therapy for any reason were excluded from the study.
II. Self-rating depression scale (SDS):
The Zung Self-Rating Depression Scale is a 20-items self-report questionnaire that is widely used as a screening tool, covering affective, psychological and somatic symptoms associated with depression. The questionnaire takes about 10 minutes to complete, and items are framed in terms of positive and negative statements. It can be effectively used in a variety of settings, including primary care, psychiatric cases, drug trials and various research situations. Each item is scored on a Likert scale ranging from 1 to 4 ("Rarely", "Sometimes", "Usually", and "Mostly"). The reliability and credibility of this scale have been examined and reported (Fukuda et al., 1983) . A total score is derived by summing the individual item scores, and ranges from 20 to 80 and the levels of depression were assessed by the total score: 39 points or less indicate "little or no depression", 40−49 points indicate "mildly depressed", and 50 points or greater indicate "moderately depressed" (Fukuda et al., 1983) . In the present study, a score of 39 or less indicated little or no depression; however, a score of 40 or more means having depression (either mild or moderate).
III. Brief general examination.

IV. Laboratory investigations:
A 5 ml blood sample was collected from each participant at 8 am at the end of the night-shift or at the beginning of the morning-shift. Serum was separated immediately, and stored refrigerated at (2-8°C) for 5 days. If storage time exceeded 5 days, serum was stored frozen at (-20°C) for as long as one month. Prior to assay, frozen sera were completely thawed and mixed well. 
Consent
Written informed consents were signed by all participants before being enrolled into the study.
Ethical approval
Respective approvals of the review board and the ethics committee of the Menoufiya Faculty of Medicine were obtained before starting the study.
Data management
Quantitative data were expressed as mean ± standard deviation (SD) and were compared between both groups using student t- Table 1 showed that the mean serum cortisol level of nurses of the two-shift system (249.95±12.73 ng/ml), was higher than the normal value (50-230 ng/ml), and was significantly higher than that of morning-shift system group (159.73±15.32 ng/ml), which was still within the normal value. Moreover, nurses of the two-shift system had significantly higher scores of the Self-rating Depression Score (SDS) (46.73±9.19) than those of the morning shift system (37.33± 8.32). Table 2 showed that among nurses of the two-shift system, older nurses (mean age of 28.21±4.92 years) and those with more years of employment (8.74±4.88 years) (38 nurses) were significantly more at risk of developing depression than those of younger age 23.14±3.49 and less years of employment (4.59±3.12 years) (58 nurses) (P<0.001). However, it is clear that those two-shift system nurses with depression had a significantly higher mean serum cortisol level (261.76±7.64 ng/ ml) than those without depression (242.21±8.83 ng/ml) (p<0.001). Figure 1 and 2 showed that the risk of developing depression was significantly higher (P<0.001) with increasing years of employment and with increasing serum cortisol level due to disturbed circadian rhythm.
Discussion
This study aimed to determine whether nurses working night-shifts experienced higher levels of serum cortisol and depression scores than their colleagues who worked day-shifts. In this study, the response rate was relatively high (97%) in comparison with other studies (Grossman, 1997 and Buja et al., 2013) , indirectly suggesting the awareness of nurses of the potential impact of this issue on professional well-being.
The basic information provided, showed that all participants were experienced in nursing work as all were employed as nurses for three or more years. The subjects' average depression score by SDS was 46.73±9.19 for the study group compared to 37.33±8.32 for the control group (Table 1) , the difference between both groups was statistically significant. This finding agrees with the results of Michie et al., 2015 who found that the average depression level among night-shift nurses was 43.4 SDS points. This finding also, agreed with Fukuda et al., 1983 who stated that the average SDS level among their study group of nightshift nurses was significantly higher than that among a control group of the general population. Previous SDS surveys of nurses found 40 or more points in 70% of the respondents, and nurses were generally considered to have lower mental well-being than the general population (Haratani, 1998 and Nakao, 2005 ).
Average morning serum cortisol level among our shift work nurses showed a significantly higher level (249.95 ± 12.73 ng/ml) in comparison with the control group (159.73 ± 15.32 ng/ml) ( Table 1) . To examine whether the circadian rhythm among the nurses differed depending on their depression level (based on the SDS level), we measure serum cortisol level at 8:00 am. We found that those with depression showed a significantly higher mean value of serum cortisol level (261.76±7.64 ng/ml) than those without depression (242.21±8.83 ng/ ml) ( Table 2 ). This finding agreed with Michie et al., 2015 who reported a rapid increase in salivary cortisol level among nurses with depression in the morning following night-shifts indicating a phase deviation in the circadian rhythm that may have increased mental tension and stress earlier in this group than in the other group before work. They also suggested that night-shift nurses may be doing their duties in the early morning in spite of the presence of increased stress due to impaired circadian rhythm.
The result of this study was in concordance with Izawa et al., 2011 who reported that cortisol levels were increased by physical stress and acute mental stress, and that a literature review indicated that the levels were affected by chronic mental stress. Knorr et al., 2010 detected a relationship between circadian rhythm disorders and depression. Furthermore, Kato et al., 2006 and Izawa et al., 2007 found that cortisol level increased before work because of tension and stress. Moreover, Saleh et al., 2014 concluded that shift workers often experience circadian disturbance, especially when they are working overnight or in rotating shifts.
In a random-effects meta-analysis done by Knorr et al., 2010 over twenty case control studies, including 1354 participants with depression and 1052 control persons, it was observed that average salivary cortisol was higher in depressed individuals as compared to control persons in the morning (p-value 0.002) and in the evening (p-value 0.03).
Burch et al., 2005 and Gu et al.,
2015 agreed in indicating that nightshift work imposes circadian strain and leads to a greater number of physical and psychological symptoms with a higher risk for several chronic diseases than other shift schedules. This is also in line with other studies (Øyane et al., 2013 and Waage et al., 2014) , which suggested that night-shift work represents a stress factor, which can lead to chronic discomfort and mild somatic alterations, predisposing to the development of psychological diseases. In fact, Costa, 2012 and Niu et al., 2015 indicated that different clockwise rotations (morning/afternoon/ night) as well as the no rapid sequential rotation could be more protective, as nurses require at least 4 days to adjust their circadian rhythms of cortisol secretions after a night shift.
In this study, older nurses (mean age was 28.21±4.92) with more years of employment (mean years was 8.74±4.88) were more prone to having depression ( Table 2 ). This observation agreed with a statement of the Royal College of Nursing , 2012 that older workers who have worked shifts for a number of years may be more vulnerable to health risks than others.
Most studies highlighted a significant positive association between quick returns (<11 hours off work between two work shifts) and insomnia, sleepiness, fatigue, depression and other shift work disorders (Eldevik et al., 2013 and Flo et al., 2014) . A regulation of at least 11 hours off work between two work shifts, as applied in many European countries, could ensure more shift worker well-being.
Conclusion and Recommendations
In the present study, in the morning, after a night-shift, an increase in the serum cortisol level was observed among nurses diagnosed with depression according to SDS score, indicating an impaired circadian rhythm that may have increased mental tension and stress during work.
Future research should assess the implementation of serum cortisol level and depression score examination of nurses prior to their working in stressful conditions as in the Emergency Department and at night-shifts and to better analyze the burden of shift work on the health and well-being of workers and patients. Our results suggest that workers on night-shift schedule need special attention and frequent health checks due to the higher risk for both job dissatisfaction and undesirable health effects. Regulations of more hours of rest between two work shifts aims at reducing the adverse effects of shift schedules and can permit a better organization of health care.
Limitations of the study: This study was conducted at one medical setting with lack of a comparison with other hospitals. Additionally, it had a small sample size. Moreover, causal relationship between the work-shift modality and the selected variables cannot be completely evaluated by its cross-sectional design. To investigate this topic in greater depth, further prospective research on larger samples collected in many health care environments could help to conclude whether the study results can be representative and characteristic of shift-working nurses and to confirm the findings of this study. Furthermore, measuring serum cortisol level once for each participant at 8 am (at the end of the night-shift or at the beginning of the morning-shift) not at several occasions, because of its high cost is a limitation also.
